Introduction
The production of neutral beams at very high energies ( 150-200 keV for D) will require new techniques. The charge-exchange cross section for converting positive ions to neutrals becomes very small, and the corresponding efficiency lowl. The most promising method to overcome this problem is to use a beam of negative ions, e.g., D-. As illustrated in Fig. 1 , the efficiency for stripping negative ions is high at high energies, so that beams can potentially be generated at high efficiency. The potential importance of very high energy beams has generated considerable effort around the world. This paper reviews the status of the efforts to produce neutral beams using negative ions. Detailed descriptions of many of the programs can be found in the proceedings of a conference at Brookhaven2 A general neutral beam system based on negative ions, illustrated in Fig. 2 At Kurchatov6 an initial positive current of 20A at 10 keV produced 1.4 of H-; the negative current was limited by system aperatures as -in the LLL work, although the angular divergences are smaller at the higher energy. In the work with sodium, effective use was made of the molecular ions, so that electrical efficiency was 18% for the current passing through the charge exchange cell.
The effort at Grenoble uses a high power, ECRH plasma to produce a source plasma at very low gas pressure.7 The parameters of this source are quite impressive: 0.5 kw of microwave power (10GHz) per ampere of extracted current, with a gas efficiency of about 70%. The "cost" of these high efficiencies is a strong magnetic field, > 2.5 kG, at the extraction grids. This magnetic field will have to be supplied over a large volume in an injector supplying large currents for a real system. The planned application of this source requires converting the positive ions to neutrals in a charge exchange cell, rapidly reducing the magnetic field to zero, and then converting the neutrals to negative ions in a cesium jet. The first step has been done, and 2.5 A of D (energies 1, 1.5, and 3 keV) has been obtained.
An interesting variation on charge exchange is being studied at Kulsruh.8 Positively charged clusters of hydrogen -typically 1000 atoms -will be accelerated to high energy ( 200 kV -1 MeV), broken up and passed through cesium, with the resulting Dthen accelerated to the full energy in a tandem arrangement. The method is based on a well developed cluster ion technology. Low currents of negative ions have recently been obtained.9
The detailed design of system based on charge-exchange must take into account angular scattering10 and plasma effects 11-3 in the charge exchange vapor. These processes will not be considered here, although they play significant roles in limiting current density in actual systems.
B. Surface-Plasma. When cesium was injected into a small magnetron ion source studied at Novosibirsk, 14 In these experiments the currents were all low enough that single aperture accelerators were used. As we begin working with currents of 10 A and more, multiaperture systems will become necessary.
Stripping Cell
A negative ion may be converted to a neutral atom by passing it through a vapor or plasma.31 In both cases the stripping competes with a second ionization which generates the positive ion. Although the plasma is inherently more efficient, a vapor cell is so much easier to construct that it will undoubtedly be used on the first systems.
Maximum conversion efficiencies are listed in Table 2 Meas.
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Only preliminary work has been done on large scale strippers. At BNL effusive jets of C02 are planned for a first test;32 CO2 was chosen as the target thickness is smaller than required for most other vapors. At LLL, we plan to use a jet much like our charge-exchange jet, probably working in cesium.
Higher conversion efficiencies can be obtained in plasmas.31 Dimov and Rosylakov37 have measured efficiencies of about 80%, as listed in Table 2 . Obtaining a large area plasma of suitable line density (>101) cmn2) will not be easy. Fink and Hamilton38 have proposed using thermal ionization of cesium, Grossman39 has proposed a plasma jet, and Dimov40 has described a magnetized plasma column.
As an ultimate in conversion efficiency, Fink and Frank41 have proposed photo-stripping the D-. The technology required is beyond the state of the art, however, and the feasibility of a photostripper is uncertain.
Residual Ions
The beam exiting the stipping cell will have residual ions in addition to the desired neutral atoms. These ions can be "dumped" on surfaces, with or without recovery of the thermal energy, or they can be decelerated to recover their energy electrically. If a vapor or plasma stripper is used, the currents of negative and positive ions are approximately equal at densities corresponding to the maximum neutral current. This will severely constrain any system to recover the energy of the residual ions by deceleration.
Fink38 has pointed out that the negative ion current drops rapidly as the density in the stripping cell increases, so that the residual beam can be converted primarily to positive ions with only a small drop in neutral current. In cesium at 100 keV (hydrogen),35 the ratio of positive to negative ions can be greater than a factor of 10 with the neutral current only a few percent less than the maximum obtainable. The positive ions have the wrong sign of charge to be easily decelerated, however, so Prelec42 has suggested working with underdense targets. Although the effect is not as strong as with overdense targets, the obtainable ratio of 3 to 5 of negative to positive ions might greatly aid energy recovery. 34 In any event, the presence of both ions will 34 make any energy recovery scheme more difficult than schemes for positive ions. A photo-stripper would 34 avoid the problem, of course, but such a development 35 will be very difficult. It Several beamline problems are of over-riding importance. Of particular concern is that present sources have gas efficiencies well below 10%. These low efficiencies will place a considerable load on the pumping system. Furthermore, they strip the negative ions and will make it difficult to keep the gas pressure in the high voltage accelerator low enough to prevent breakdown, namely < 10-4 T.
In the charge-exchange systems the charge exchange vapor offers considerable impedence to gas,45'46 so that most gas is pumped at a high pressure on the source side of the vapor. The pressure of gas can then be quite low in the accelerator.
The problem of gas from the surface plasma source may be handled either by increasing the effective efficiency of the source, or by going to a "separated function" system in which the source and accelerator are separated by a 90 bending magnet. 47 
